The diagnosis of brucellosis is typically based on isolation of Brucella from clinical specimens or on serologic evidence of Brucella antibody. 7 Culturing takes days to weeks but has the advantage of detecting the organism directly. For rapid testing of clinical samples or for field surveys, immunologic
(which included the 3 culture-positive bulls) or in sentinel cattle during 120 days of observation. Negative control sera produced a pale green tint after completion of the color reaction. The positive serum had a dark green tint. All test sera were noticeably lighter than the positive control.
Results of this study indicate that pathogenic strains of M. bovis are not commonly found in the eyes of bulls that do not exhibit clinical signs of IBK. Isolation of IBK from whiteeye animals of the youngest group examined suggests a genetic or an age-related susceptibility to infection with M. bovis. The relation of eye pigment and propensity for infection has been previously noted. 4 Failure of transmission among the sentinel animals may suggest some level of herd immunity.
Because of the small number of positive cultures and the complete lack of ELISA-positive samples, conclusions could not be made regarding correlation of culture results and ELISA or serum antibody titer or regarding the importance of ocular culture-positive asymptomatic bulls serving as carrier animals. Failure to detect circulating antibody in culture-positive animals in this study demonstrated the difficulty that will be encountered when serologic testing is used for monitoring this disease.
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In: Veterinary medicine, 7th ed., pp. (10 5 ). 5 The highly sensitive diagnostic DNA amplification method termed polymerase chain reaction (PCR) 8 has made possible the development of a more sensitive test for detecting BruceIla than hybridization dot blot analysis. The preliminary development of a diagnostic test for Brucella based on PCR has been reported. 3 A commercially available PCR kit a was used to amplify a 607-bp fragment of a putative membrane protein gene from Brucella abortus S19. The cloned gene present in the pMS64 plasmid and genomic Brucella S19 DNA was successfully amplified. The sensitivity of the reaction was 100 fg DNA or 20 Brucella cells. 3 The main objective of the present study was to verify the potential of PCR for the routine diagnosis of brucellosis.
Acetone-killed Brucella S19 cells, bovine fetal tissues (lung, liver, spleen, and stomach contents) and maternal tissues (uterine exudate and cotyledon) were donated by Dr. B. L. Deyoe, USDA/NADC, Ames, Iowa. Fresh bovine fetal tissues were provided by Dr. R. D. Welsh, Oklahoma Animal Disease Diagnostic Laboratory, Stillwater. The number of colony forming units of Brucella per gram of tissue were provided by each of these investigators.
From each tissue, DNA extractions were made in duplicate. One hundred milligrams of tissue were taken from different parts of a 5-10-g tissue sample to decrease the influence of the possible heterogeneous distribution of Brucella in the tissue. The sample was homogenized with a Teflon homogenizer in a 1.5-ml Eppendorf microfuge tube with 200 µ1 NETS buffer (0.01 M sodium chloride b /l mM ethylenediaminetetraacetic acid [EDTA] c /0.01 M Tris-Hcl, d pH 7.6). Two hundred microliters of NETS buffer and 50 µg/ml RNase c were added and incubated at 50 C for 1 hour. Proteinase Kc (500 &ml) and sodium dodecyl sulfate d (SDS, 0.5% w/v) were then added, and the digestion was continued for 2 hours at 50 C. SDS was substituted with 0.5% (v/v) Tween 20 c when the lysate was applied directly to the PCR mixture as template. The DNA from the lysate was extracted by the standard phenol e /chloroform c /isoamylalcohol c method. 9 DNA isolation was performed in a BL-3 containment unit. The concentration of DNA was determined by absorbance measurement at 260 nm, and the purity was accessed by the A,,,/ A,,, ratio. Only samples that had a ratio > 1.75 were used. For spiked samples, different amounts of actone-killed freezethawed B. abortus cells were suspended in distilled water and added to 100 mg tissue and treated as above. The DNA content of the killed Brucella cells was determined by the diphenylamine reaction.* PCR was performed using a Coy Model 60 TempCycler f or a Techne Thermocyc1er. g DNA was amplified by use of the Perkin-Elmer Cetus GeneAmp DNA amplification reagent kit. a Primers and the basic PCR protocol were described previously. 3 Negative controls containing all reagents but lacking template DNA were routinely performed to monitor cross-contamination. After the required number of cycles, 15 µ1 of the reacton mixture was analyzed on an agarose gel consisting of 1% w/v agarose e and 0.5 µg/ml ethidium bromide c in Tris-borate-EDTA (TBE) buffer. c The samples were electrophoresed at 75 V for 1.5 hours on a BRL model H6 d electrophoresis unit. Digestion of amplified product was achieved by adding to 17.5 µ1 of PCR product, 2 µ1 of the appropriate 10 x buffer, e and 4 U of AluI e or MspIe restriction endonuclease. The reaction mixture was incubated at 37 C for 2 hours before being stopped by adding EDTA to a final concentration of 10 mM. After the restriction enzyme digestion, 15 µ1 of the reaction mixture was electrophoresed on a composite gel consisting of 3% agarose, 1% Low EEO agarose," and 1 µg/ml ethidium bromide in TBE buffer at 80 V for 2 hours.
The efficiency of the PCR technique is influenced by a number of parameters that must be determined empirically. To improve reproducibility, some modifications were made to the previously reported protocol. 3 To reduce costs, to facilitate temperature transfer between the aluminum block and sample, and to shorten the time needed for temperature equilibration, the reaction volume was reduced from 100 µ1 to either 35 µ1 or 20 µ1. The number of cycles was reduced from 50 to 40; the amplification was great enough to detect a band even after 40 cycles. Nuclease-free bovine serum albumin (BSA) h was used to overcome the activity of enzyme inhibitors that were occasionally present in some samples (e.g., hemoglobin). Figure 1 shows the optimization of BSA concentration. Ten nanograms of B. abortus S19 DNA were combined with 0.35 µmol of each primer, 70 µmol of each dNTP, a 1 mM MgCl 2 , b and 1 U of AmpliTaq polymerase. a Final BSA concentrations (lanes 1-7) were 0, 100, 200, 300, 500, and 700 µg/ml, respectively. BSA concentration of 200 µg/ml (lane 3) was considered optimal because 500 µg/ml (lane 6) resulted in occasional precipitation of the reaction mixture. BSA improved the reproducibility of the reaction and made it more robust, even in cases where purified B. abortus S19 DNA failed to amplify (lane 1).
Contamination of a negative sample by a single molecule of the intended target can lead to a false-positive result. One step in controlling contamination is to aliquot reagents and only use reagents subjected to rigorous quality control. Ultraviolet irradiation of PCR mixtures before adding target DNA can eliminate unwanted DNA contaminants. 10 Figure  2 shows the results of 5 minutes of UV irradiation with a 300-nm transilluminator i prior to addition of target DNA. Lanes 1, 2, and 4 were loaded with PCR products that were exposed to UV light before adding 10 ng B. abortus S19 DNA as template. Lane 4 contained primers without template DNA, lane 5 was the same as lane 4 but without UV irradiation. No amplified product was seen in lane 4, indicating that UV irradiation eliminated the contaminants present in lane 5. DNA added after irradiation of the PCR mixture does not compromise the ability of the reagents to mediate efficient amplification (lanes 1 and 2). After incorporating the above modifications into the PCR protocol, the sensitivity of the method in detecting isolated B. abortus S19 DNA was improved by 1 order of magnitude. The lower limit of the DNA product of PCR was studied by agarose gel electrophoresis analysis with serial dilution of B. abortus DNA. The DNA samples were serially diluted 10fold in steps from 100 pg to 10 fg DNA content (Figure 3 ). The final DNA concentrations used as template were 100 pg, 10 pg, 1 pg, 100 fg, and 10 fg (lanes 2-6). In lanes 7 and 8, 1 ng S19 DNA was used for positive and negative controls (primers only), respectively. Ten femtograms of Brucella S19 DNA was detected, which is the DNA content of 2 Brucella cells (lane 6).
PCR often produces nonspecific amplification products that may coincidentally be of the same size as the expected fragment.' Therefore, restriction enzyme digestion was used to verify the specificity of the amplified fragment. The entire 607-bp EcoRI fragment of the putative 43 kD outer membrane gene has been sequenced so the relevant restriction enzyme sites could be determined. Figure 4 Several methods of sample preparation were tested to de-termine the simplest way to obtain amplifiable DNA from field samples. The freeze-thaw method, 4 which worked well with killed Brucella S19 cells, failed when the bacteria were added to hard tissues. A simple detergent (Tween 20 c )-Proteinase K treatment worked, but the reproducibility was very poor (data not shown). According to the culture results, the Brucella cells can often survive the 50 C lysis procedure. Because Brucella is a class III pathogen, it was necessary to isolate the DNA. DNA isolation with the Isogene,a A.S.A.P, j and Prep-A-Gene d kits did not work quite as well as the phenol-chloroform miniprep method. 9 Yield from 100-mg samples of Brucella-spiked rat liver and hard tissue field samples averaged 1.5 µg DNA/mg tissue, and 0.3 µg DNA/mg tissue was obtained from fluid samples. However, it was easier to handle the fluid samples, and the DNA obtained was enough to perform 20 PCR reactions.
To determine the number of Brucella cells that can be detected in hard tissue samples, acetone-killed B. abortus S19 cells at known concentrations were used to spike mammalian liver (mouse or rat) samples. Figure 5 shows the amplification of Brucella in rat liver; the amount of Brucella cells used were 1 µg, 100 ng, 1 ng, 100 pg, and 10 pg per milligram of rat liver tissue. Negative controls never tested positive, and samples spiked with as little as 10 pg Brucella cells/mg rat liver tissue tested positive repeatedly (lane 7). The DNA content of the killed B. abortus cells, as determined by the diphenylamine reaction, was 5% of the dried mass. Therefore, approximately 5 fg of B. abortus DNA in 1 mg liver tissue could be detected.
In this study a total of 105 bovine tissues were tested. Fetal tissues were lung (21), liver (19), spleen (17), and stomach contents (20), and maternal tissues were uterine exudate (23) and placenta (5) . The bovine and Brucella DNA was isolated from the clinical specimens by phenol-chloroform extraction in duplicate for each sample. To check the repeatability of each result, PCR was performed at least twice, using 100-150 ng DNA/test. The PCR result was independent of the origin of the tissue, and any tissue except cartilage or bone could be used for DNA extraction and amplification. Figure  6A shows typical PCR results in the case of heavily infected tissue samples (10 9 -10 3 colony counts per gram sample, lanes 2-8 and Fig. 6B shows the PCR results in cases where the Brucella infection was low (100-50 colony counts per gram tissue, lanes 2-8). More product was synthesized when samples taken from heavily infected animals were assayed (Fig.  6A ) than when the animals were not heavily infected (Fig.  6B ). As few as 5 Brucella cells/100 mg tissue were detected repeatedly (Fig. 6B, lane 6) . Because 1 µg of bovine DNA represents 156,000 diploid bovine cells, one Brucella cell was detected in 562,000 bovine cells. The PCR signal intensity-Brucella infection level relationship varied somewhat from experiment to experiment. Theoretically, amplification of product can vary by a factor of 3-5. 6 Because of uneven heating in the thermocycler block, identically prepared PCR reactions may not produce a product by PCR amplification? Performance to temperature cycling of each machine was accessed by aliquoting a master reaction mixture into microcentrifuge tubes, filling all positions. With the Coy TempCycler, 34 of 35 positions were acceptable, whereas with the Techne Thermocycler 22 of 28 were acceptable (data not shown). Taking well variation into account, the repeatability of the optimized PCR was quite good with the protocol modifications given here. Under the amplification conditions used, only 19 samples failed to amplify among 376 samples known to contain Brucella abortus (5%).
PCR sensitivity and specificity of the 105 field specimens was compared with bacteriologic examination. Of the 56 culture-positive tissues tested, 55 were positive by PCR, giving a sensitivity of 98%. Of the culture-negative 52 tissues, PCR resulted in only 2 false positives, giving a specificity of 96%. Some of the culture-negative samples may have been obtained from vaccinated cattle that were chronically infected but had few bacteria.
An ideal diagnostic assay should be sensitive, specific, repeatable, reliable, fast, inexpensive, and simple to perform. As few as 5 Brucella cells/100 mg tissue could be detected by the PCR method. Because 20-40 samples can be handled at the same time, the time necessary for the DNA isolation from 1 sample is only 20 minutes. Automated PCR with a thermocycler takes about 4 hours to complete 40 cycles. The preparation of the reaction constituents takes 1 hour. Visualization of the reaction products on a 1% agarose gel requires about 1.5 hours. Thus, PCR results from 20-40 clinical specimens can easily be obtained the day after the receipt of the specimens. At present, the reaction is fairly expensive to perform, but reagent cost may decrease as more PCR diagnostic tests are developed. This test is ultimately faster than bacteriologic tests and is more accurate than immunologic methods because it directly detects the presence of the organism. The high specificity (96%) and extreme sensitivity (98%) of the PCR method combined with its simplicity and speed recommend this technique for routine diagnosis of brucellosis.
